Three camelid VHH domains in complex with porcine pancreatic alpha-amylase. Inhibition and versatility of binding topology.
Camelids produce functional antibodies devoid of light chains and CH1 domains. The antigen-binding fragment of such heavy chain antibodies is therefore comprised in one single domain, the camelid heavy chain antibody VH (VHH). Here we report on the structures of three dromedary VHH domains in complex with porcine pancreatic alpha-amylase. Two VHHs bound outside the catalytic site and did not inhibit or inhibited only partially the amylase activity. The third one, AMD9, interacted with the active site crevice and was a strong amylase inhibitor (K(i) = 10 nm). In contrast with complexes of other proteinaceous amylase inhibitors, amylase kept its native structure. The water-accessible surface areas of VHHs covered by amylase ranged between 850 and 1150 A(2), values similar to or even larger than those observed in the complexes between proteins and classical antibodies. These values could certainly be reached because a surprisingly high extent of framework residues are involved in the interactions of VHHs with amylase. The framework residues that participate in the antigen recognition represented 25-40% of the buried surface. The inhibitory interaction of AMD9 involved mainly its complementarity-determining region (CDR) 2 loop, whereas the CDR3 loop was small and certainly did not protrude as it does in cAb-Lys3, a VHH-inhibiting lysozyme. AMD9 inhibited amylase, although it was outside the direct reach of the catalytic residues; therefore it is to be expected that inhibiting VHHs might also be elicited against proteases. These results illustrate the versatility and efficiency of VHH domains as protein binders and enzyme inhibitors and are arguments in favor of their use as drugs against diabetes.